Abstract

29
Lactococcus lactis strain Plasma (LC-Plasma) possesses strong activity of 30 stimulating plasmacytoid dendritic cells (pDCs) via the TLR9-Myd88 pathway. To 31 reveal the effective genome structure for pDCs stimulatory activity, we performed an 32 in vitro screening, using randomly selected DNA fragments from the LC-Plasma 33 genome. The results showed that CpG motifs are necessary factor for active DNA 34 fragment, but the copy number of CpG motifs did not show strong correlation to the 35 pDCs stimulatory activity of DNA fragment. We also found that the G+C contents of 36 DNA fragments have significant negative effects on pDCs stimulatory activity. We also 37 performed bioinformatics analysis of genome of lactic acid bacteria (LAB) and 38 investigated the relation between CpG copy number in the genome and pDCs 39 stimulatory activity. We found that strains of lactic acid bacteria (LAB) with high copy 40 number of CpG motifs in the low-G+C region of the genome had higher probability of yet been reported to activate pDCs. 74 We previously found that a specific strain of LAB, LC-Plasma (synonym of 5'-RYCGYRTCGYR-3', and 5'-RYCGRY-3' were the most efficiently activate pDCs. In this study, we constructed a library of genomic DNA fragments of LC-Plasma 109 and investigated the pDCs stimulatory activity of each fragments to identify the 110 essential character for pDCs activation. As we expected, the CpG motif was necessary 111 for active DNA fragments. However, we found that the total copy number of CpG 112 motifs in each DNA fragment was not strongly correlated with its pDCs stimulatory 113 activity and that the G+C content of a genome DNA fragment has a significant effect 114 on its potential for pDCs activation. We also performed an in silico analysis of the 115 copy number of CpG motifs in the genome LAB and found that the low-G+C region 116 of the genome has significant impact on the pDCs stimulation.
117
Results
119
CpG motifs are necessary for pDCs stimulatory activity of DNA fragments 120 from LC-Plasma.
121
In order to confirm that the necessity of CpG motifs for pDCs stimulatory activity, 122 we performed in vitro experiment using PCR fragments. Four CpG-rich genomic loci 123 (R1 R2, R3, and R4), and 2 CpG-free genomic loci (F1 and F2) were selected from the 124 LC-Plasma genome. Three or four different fragments of each loci were selected and 125 PCR primers were designed. The length and the copy number of CpG motifs in each 126 fragments are shown in Table S1 . In total, twelve CpG-rich DNA fragments and 7 127 non-CpG fragments were amplified and subjected to pDCs stimulating assay. The 128 IFN- production of pDCs stimulated with these amplified fragments was shown in were randomly selected from the LC-Plasma genome (Table S2 ). The PCR-amplified 138 fragments were subjected to assays for pDCs stimulatory activity. 139 We analyzed the correlation between pDCs stimulatory activity and copy number 140 of CpG motifs in each DNA fragment ( Fig. 2A) 3A and 3B). The correlation coefficient was increased in both of the low-G+C group 155 (R = 0.680, p < 0.01) and the high-G+C group (R = 0.647, p < 0.01). The degree of 156 pDCs stimulatory activity per copy of CpG motifs was higher in the low-G+C group.
fragments with G+C contents of ≥40% to <45%, ≥45% to <50%, and ≥50% were 163 significantly lower compared to the activity induced by fragments with < 30% G+C. 164 We also performed correlation analyses using randomly synthesized 300 bp fragments.
165
Similar results were observed again (Fig. S1) showed that the genome of ATCC 53103 contained 3.7 to 5.7 fold greater copy number CpG motifs in their low-G+C regions.
214
The copy number of CpG motifs in the low-G+C region of the genome was 215 closely related to the pDCs stimulatory activity of LAB.
216
We investigated the differences of pDCs stimulatory activity between strains of 217 these LAB species (Table 2 ). The wide variations of strains-based-activity were 218 observed in each species. It was also observed that the frequencies of We also carried out a statistical analysis of species-based pDCs stimulatory 229 activity using Steel-Dwass method (Table S4 ). In silico analysis was performed using Genetyx ver.9 software (GENETYX).
377
We searched for 5'-purine-purine-CG-pyrimidine-pyrimidine-3' (5'-RRCGYY-3') 378 and 5'-purine-TCG-pyrimidine-pyrimidine-3' (5'-RTCGYY-3'), and the. total number (5'-ACTTTCGTTTTCTGCGTCAA-3') (30), and OL-LG10 (5'-ATTTTTAC-3') (31) . IFN-a production induced by single-or double-stranded forms of synthetic oligonucleotides Single-stranded DNA oligomers (ssDNA) with phosphodiester bonds were synthesized, based on sequences of ODN1585 and ODN2216 (Invivogen, San Diego, CA, USA). Double-stranded DNA oligomers (dsDNA) were prepared by annealing sense and antisense strands of ssDNA. Each synthesized oligomer (2 mg) was tested on Flt3L induced BM-DCs, and the production of IFN-a was measured. + : sense strand; -: antisense strand; ss-core: 6 base CpG motif of sense strand; ds-core : Hybrid of sense strand DNA oligomer with antisense strand of 6 base CpG motif. *not detected 
